A>^tPROVED SYNTHESIS OF CeJ^FUR 
INTERMEDIATE 



FIELD OF TEE ilNyifi 

The present inyentlibn 'discloses m,tb^aye<i.procesfs for the preparation of'7-aiijind-3 : 
-[2-(fiirylcarboiiyl>tbiometh by fornnifci 
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by the cdn<to$atii>ji of 7-6miiio cephalofcpotanic acid . (7-A£ A) represented &y . 
formula (m .witfie furyi-2^ai^y^ (HI):: using 

borontrifhioride as cjpildensing agent . • ' 
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Ceftiofur is the generic nameigiven tti> compound of formula- (IV) 




Geftidflir aci<^ a^i inet^ altelin? eia^ were reported for' 

the first time in iUS patent rip*. 44W367(;TtoB wKoftir is a condmsaiion product of 7-; 
AC A with ftiiyl^arbonylthioi and; 2-<2-ai>iinp; thiazol^yl)-2-rae1hoxyimi 



acetic acid at^R? and 7 positions respectively. 7-amiiio-^^[2«fiirylcarbo?xyl) 
thioniethyl]r3-cepiiera-4-caiboxyUc acid represented by formula (I) is the key 
intermediate which decides the quality and! pveriali yield of the process for making 
ceftiofUf. 

There are very few methods reported in the literature for the synthesis :bf 7^amin4-3 - 
[2<furylcarb<myl> ta^ acid:(I). The first report for the 

synthesis of this intermediate appeared, in tfte US patent Nb. 44643^ v wherem ; ^ie 
method used for the preparation of the compound of Formula (I) was followed from a. 
reference ftom the journal of Antibiotics 2.7373* 8,(1974) .This reference isaboiit the 
condensation of 7 - aminpcephalosporanic a6i& and sodium thiofuroate carried out at a 
pH of &4 using phosphate buffer ;The reaction time is very long by following this 
tedious method and a yield is of 47% is reported for the final product. These 
limitations make this process unfavorable for commercial exploitation: Another 
method was disclosed in WO patent 87/0 11 L7 which is also merely an extension of 
the above-mentioned US patent. The condensation was effected by reaction of sodium 
thiofuroate and 7-ACA at a temperature pf (S5°C in an aqueous medium at a pH of 6.4. 
Cephalosporins, are. known to decompose at ihigh temperature and moreover using this 
process, the reaction is not completed and yields are also very poor (about 45% and in 
addition, the reaction takes longer time, for example, even after several houxs the 
reaction is incomplete). 

Looking at all 1 these problems, a method for the condensation under nonaqueous 
conditions was- reported in US: patent no. 5387679, wherfe condensation of 7-ACA 
with heterocyclic thiols, in the: presence of complex of bdrontriflauride with; dialkyl 
carbonate wasicarried out to provide intermediates which are used m the synthesis of 
cephalosporin antibiotics. 

When the protess of US patent Na 5387679 is applied for tbe> epn4ensation of 7- 
ACA and furyl-2-carbonylthioly the reaction mixture obtained is associated with 
several impurities, which could not: be separated even during: the. final purification 
step. Later on, after several experimentation, the applicant found that the stability of 
furyl-2-carbonylthiol isolated in solid form Is not encouraging. Further, this problem 




is encountered^Kause fiiryl-2-carbonyIthiol belongs to the^IRs of heterocyclic 
tbioacids and not heterocyclic thiol. The behavior of the reaction is not similar for the 
thioacids as it Was for thiols thereby disallowing die conditions of the US patent No. 
S3 87679 to be used in the present invention to achieve the final result. 

In order to overcome this problem,; the applicant provides for thp first time an 
improved process for condensing 7-AGA with fiiryi-2-ca^ 
generated and used in situ in the presence of boroiitriflouride in a gaseous state or its 
solution in an organic solvent to obtain compound of formula (I). This process gives 
desii^ product of f^ 

The primary object of the invention is to provide an improved and commercially 
viable efficient; process for . prejpipiag ;7-a*ninq-3-|:£(f^ 
cephem-4-carboxylic acid (I), as an ^ mteiro^ate for ceflibfur. : 

Another object of the invention is to use fiifyi-2-cail^rayIthiol w, situ without isolating 

it. • . ■ ' •> ' >y • 

Yet another objective of this invention is to; provide a j^c^esis^whiQb: will, give high 
yield and purity of the required product. 

Still another dijecit of the ihveinitibn is tQ /provi^ 

gaseous state or its: solution in an organic solvent for carrying; out the condensation 
reaction at low temperature which, are convenient: for commercial production. 

SUMMARY O • 

To meet the ab^Vie objecti^^ invention provides: ap^ 

preparation of 3-£2-(fuiylcaAo^ acid (1) by the 

condensation of 7-^mocephalo^6ranic kcid (II) with f^l-2^artKfnylthiol ; (111) in 
the presence of borontrifiuortde at a temperature range of 20P-50 Q C in an organic 
solvent. This process gives Mgh yields and excellent purity, ■■ 
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The present invention provides; a process for the preparation of S-^Kf^Jcart^^yij;' 
thidmethyi]-3TC<^l^ 




withf^K2-earb^ bbiontrifhioride at 20°^50°C in an 
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In an embodiment of. the present invention; the sequence of the present reaction is 
shown herebelpw; 
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a temperature range of 30M5°C for 
performing the cc^^atioxi Teiction. . 

Another embodiment of the. present ^tntion provides a pH range of 3-4 and 
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Yet another of the present -invention provides ^^^itying of the 

precipitated solid at a temperature range of 40°-4S°C under vacuum. 

One embodimeit iof the present. inVenHpn ; provides the u£e of furyl-2-caA^ 
situ as a solution in an organic solvent. .. 

Another embodiment of the present invention provides the use of organic solyent in: 
the condensation/ reaction selected fijora group consisting of ethyl acetate, methyl 
acetate, propyl acetate, dichloromethane, toluene, diethyl ether, diisopropy! ether 
and/or piixture thereof; 

One . another: embodiment of the present invention provides the use of base to adjust 
the pH of the reaction mixture is selected from a group consisting of ammonium 
hydroxide, sodium hydroxide or sodium carbonate. 

Yet another embodiment of the preset invention provides use of condensing agent 
borontriflouride in. its gaseous form omts solution in an organic sol vent. '.. 

Stilt yet another embodiment of the present invention the required product is obtained; 
by precipitation and followed by filtration. 

The invention is illustrated with folloWirig examples, which should not be construed- 
as limiting ithe. scape of the invention.! 



7- Amino - ^2~fiiryik^ acid (I) 



Charge sodium sulfide (54i6 g) in water (6GQtnl) and &iyl-2^carbonyIchloride (SG,0g) 
is added over a period of 60 minutes ^ ii addfed 

to it and pH of the reaction mixture mass is adjusted to L0; The organic layer is 
separated, dried aver anhydrous sodium sulphate, filtered to get furyl-2rcarbo«yithiol' 
in ethyl acetate. 
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In an another fld^^thyiacetater (350ml) is changed, boron triflu^^ (124;0g) gas is 
purged into it 7-^ninorcephaJpspbriwic a#d (91-0 g ) is added at 10,0°C thtpthe 
solution of borbntriftuoride followed by the iddition of ^furyl-2-carboaylthiol srbluition 
in ethylacetate (pi^ared above). TTije reaction is completed by: stirring for '4 -5 hx at 
30-40°C. After completion of . the r^i^Qii^the mixture is poured into ice cold .water;".. 
The pH of the solution is adjusted to; !3*45^3.|S5- By addition of amirwniuin hydroxide ; 
The solid precipitated is. filtered and wasfce<l with mixture of water and ethytoce^ate 
to get:7-amino - 3-(2-fUrylca^n^ 
iiO.Og) with ai purity of 98-99 % by jHPLC. : 1 ; 

7-Amino • 3^2-flurrylcarbofr^^^ 



Charge sodium sulfide (36>4 Jg} 1$ yif^X^i (<W0p*I) and fi^l^c^c^^ 
(33 3 0g) is addend to it over a period of 60 ipinxttes at a tempenrtiire of 26 a €> 



acetate isadded to it and pH of the! reaction mixture is adjusted to 1 .0, The organic 
?*f layer is. separated, dried over anhydrous sbdium sulphate, filtered to get fiiryI-2- 

U carbonylthiol in ethyl acetate. 



in an another flask acetonitrile (35Qml ) : is: charged, boron trifluoride gas($5:Pg£ is; 
purged into it 7-A^ina<epb^osp^ ) is added &t 10.0°C into: die 

□ solution Of borontrifluoride > followedl: by the: addition of f^l-2-carbonylthiol solution 

q in eihylacgtatie (prepared above) -jpactifyi ik .completed by stirring fpr? 5 -6 hr'ki- 

JE 30^°C/AfteT completion <>flhe 

|jj The pH bfthe solution \d adjusted to ;3L45i-3.^5; by addition ^moniiro hydroxide; :The- 

solid precipitated is filtered and washed witft mixture of water and acetonitrile to get 
7-aramb - 3-(>fi^c^ony0 thto^ acid <T, 69.0g) with 

& purity of 97-98 % by : 

7~Anriho-3-(2^f^ 
Oiar^e sc^m stffi^ 

is addeji .tjo it, pve* a period :6f 60 !t^utes it a femper^e of \2£j°CX Ethyl : acetite is 




added to it and p^JPhe mixture is adjusted to 1.0 by adding hySBBloric acid. The 
organic layer is separated; dried oyer anhydrous sodium sulphate, filtered to get foryl- 
2-carbqnyltbiol i^etSyiiacetate, 
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in an another flask containing acetonitrile £>50^j is ^4ed 7-Amino-^halo^^ic : 
acid (91.0 g) et rtom tenperati^ of boron 

triftuoride «tl^|e^(275;5ml)i ar 10p p C: To this added fiiryl-2- 

carbonylthiol solution in ethyladetate (prepared above) and the reaction is completed 
by stirring for 4 ;-5 hr at 40-50?C. After cami>ietion of the reaction, the mixture is 
poured into iqb cdld water. ThtpH of 'th€rs6lut{imi is adjusted to 3.45*3. S5 by addition 
of sodium cairbbnate solution * : . The solid precipitated is filtered tod washed with 
mixture of Wateryand ^ylapetate to get 7rami^ 
cephem^carboxij^c .acid {fc 1 04;0g) with a ptirity of 97-98 % by HPLC . 



